Letters to the editor

Performance Surveillance
and Evaluation Systems
Using Smart Sensor Structures

How will we monitor nuclear waste storage systems -
in 2020, 2090, 3090, and beyond? All nuclear electric - essential requirements and capabilities for PSES are listed

power and nuclear weapons societies have this leader-

ship responsibility at every level—executive, legislative,
judicial, regulatory, scientific, engineering, industrial,
and respective citizenry—to develop cooperative under-

that the selected monitoring system can always be
demonstrably reliable and accurate to initiate corrective
action upon detecting incipient degradation of waste
forms (WF) and engineered barrier systems (EBS) after
emplacement.

smart sensor structure concept fOl’ performance surveil—

* lance and evaluation systems (PSES) for interim dry cask
- storage and the repository waste package (RWP) of SF and

HIWG in pre-closure and post-closure modes. The smart
sensor structure would provide detection, measurement,
evaluation and decision system capability. Some specific

in the following:

- ® Maintain a specified accuracy and sensitivity for a spec-
. ified lifetime performance.

. ® Maintain the capability to measure, evaluate and record
standing, confidence, acceptance, and action as a neces- -
sary goal and activity in the safe management of spent -
fuel (SF) and high-level waste glass (HLWG), showing -
- ® Maintain the capability to function reliably in the stor-

specified degradation (i.e., alteration) rates of storage and
repository components based on frequency of measure-
ment—continuous or discrete.

age and repository environment, i.e., atmospheric, ther-
mal, radiation, chemical, and mechanical.
® Maintain the capability to verify measurements and

- degradation rates and then trigger setpoint decisions for
The objective of this letter is to identify and discuss a -

investigation and decisions for change.

. ® Maintain the capability of decision-making redundancy.
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® Record, store, and analyze measurement and compari-
son data, with efficient accessibility to decision-makers over
the functional lifetimes of storage and repository facilities.
® Be compatible to periodic calibration checks of total
system with associated QA/QC for verification of per-
formance requirements using specially trained scientific
and engineering personnel.

The technical goal is to demonstrate the feasibility to
implement ongoing operating surveillance and perfor-
mance evaluation with an appropriate detection and pro-
cessing system to transmit and interpret the information
on the condition of the waste forms and barrier systems.
The smart material (SM) could be embedded in barrier
materials, or placed on waste forms, or placed in coupons
external to the waste form or barrier system.

Characteristics like corrosion depth, nuclide mobiliza-
tion/migration, stress levels, and moisture need to be
monitored with a particular sensitivity. Corrosion poten-
tials, range energy relations, embedded radioactive, and/
or light stimulated materials, stress sensors, radiation spec-

troscopy, luminescence, eddy current testing, and visual
profilometry can be considered in the detection, mea-
surement, and evaluation processes.

Finally, in the broadest sense, the motivation for this
letter can be summarized with the following objectives:
® Create confidence in stakeholders related to PSES per-
formance.
® Establish “intensive care unit” (ICU) surveillance and
response systems for dry cask storage and repository pre-
closure and post-closure modes. By an “ICU” system we
mean a PSES that monitors all the required parameters of
the environment, waste form, and the respective engi-
neered barriers of the cask storage system and repository
waste package with the necessary accuracy and lifetime
reliability and also provide lifetime data processing capa-
bility so that appropriate corrective actions can be made
upon detection of incipient degradanons or failures that
could affect licensed operations. By environment, we
mean both external and internal of the repository waste
package and interim cask storage.
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® Stimulate conceptual feasibility, design, testing, instal-

lation, operations, and generation of standards activities :

for PSES system
support laboratories.

ing, lifetime and data processing requirements for PSES
materials and systems

systems
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